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WELL 
PAD 

DESIGN 
 

640 Acre 
& 

1280 Acre 
Spacing 





  

400 Bbl. Trailer Tanks 

FRAC JOB 400’X400’ WELL PAD 

Well Utilizing 640 Acre Spacing Unit Uses: 
• 25,000 Barrels Fresh Water (1,050,000 Gallons) 

• 1,000,000  Pounds of Sand 
• Pressure of 6000-8000 PSI for Fracturing Reservoir Rock 



TRUCKS FILLING  TRAILER TANKS 
4 TRUCK LOADS PER 400 Bbl. TANK 



  400 BBL. TRAILER TANKS 
Connected Inline 

 



                                                            
 

BLENDING FRAC FLUID  
     Blender (Sand, Water & Gel)          Sand Conveyor                   



FRAC STACK 
FRAC FLUID PUMPED                     

@ 6000-8000 PSI 



FRACTURES  INDUCED in 
  RESERVOIR ROCK 



FRAC FLUID FLOW BACK 

RECOVER 60-75% of FRAC FLUID 



• Misc. Frac Statistics 
– Down hole temperature averages 200-250 degrees 

Fahrenheit. 
– Powdered gel is added to water to make the sand suspend 

in the water during the frac. 
– Water cannot be reused after frac and the recovered water 

is disposed of by trucking to a disposal well. (Usually 
Dakota Fm.) 

– You can expect an average of 280 to 440 truck loads of 
water, sand, and equipment for every frac job. 

– Estimated cost of a frac job is between $1.4 and 2.1 
    million.  
 EUR 2.1-2.6 Billion Barrels (Bakken) 
 DRILLING COST $5-7 Million 
 TOTAL WELL COST $6.5-9 Million 
 

 







WATER NEEDS FOR BAKKEN 
 
             DEVELOPMENT 
            
                IN MONTANA 
 

   ? 









                 FACTORS 
 
 
RATE OF DEVELOPMENT 
 
   WATER AVAILABILITY 
 
TECHNOLOGY CHANGES 



     POTENTIAL SOURCES 
 
     SURFACE WATER 
        MISSOURI RIVER 
        YELLOWSTONE RIVER 
 
     GROUNDWATER 
        GLACIAL OUTWASH AQUIFERS 
         ALLUVIAL AQUIFERS 
 
 



                    POSSIBLE OPTIONS 
 
 
          1.  AVOID COMPETITION WITH 
               FRESH WATER SUPPLIES  
  (MAY BE PROMISING)  
 
   2. FOX HILLS- HELL CREEK  
                            (BAD IDEA)  



             WATER QUALITY ISSUES 
 
1. FLOWBACK WATER IS SIMILAR 

TO PRODUCED WATER 
   (EERC 2010) 
     10X SEAWATER SALINITY 
  
2. LEAKS AND SPILLS NEED TO BE         

ELIMINATED 
 
3.   CEMENT BOND LOGS 

 
 



FLOWBACK WATER QUALITY (EERC) 



Changes in specific constituent concentration in frac flowback water 
 versus time. (EERC) 



        BASELINE CONDITIONS 
 
     ROOSEVELT COUNTY 2011 
 
 10 SAMPLES 
 FULL ANALYSES + TPH 
  
 DIESEL RANGE ORGANICS 
 IN 5 SAMPLES 
 
 HIGH LEVELS OF NACL  
 NOT FOUND 
 





Fox Hills/Hell Creek Aquifer 
Monitoring 



Data logger installation 
in wells near Sidney, MT 
February 2011  
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Data logger installation 
in flowing wells. 
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 Wheeler, GWIC 38151 

Level Depth To Water (ft) Barometric Efficiency Correction (45%) 

-3.6 feet/year short-term   

Total Depth 1505 ft 
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 Wheeler GWIC 38151 long-term trend 

Total Depth 1505 ft 

-2.3 feet/year over 16 years  
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 Christiansen, GWIC 38113 

Total Depth 1500 ft 

> 5 feet/year? 
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 Trudell, GWIC 38712 

Total Depth 1335 ft 

+ 4.5 feet/year short-term 
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Anderson West, GWIC 173659 

Total Depth 1281 ft 
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 Anderson East, GWIC 39461 

Total Depth 1260 ft 
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 Anderson East Midnight Levels, GWIC 39461 

Total Depth 1260 ft 

+ 4.8 feet/year short-term 



Fox Hills wells showing 
declining  water-level trends. 

Proposed Project 
Boundary 
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USGS Terry 1A, GWIC 1846 

-0.85 feet/year over 32 years 

Total Depth 860 ft 
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USGS Terry 1B, GWIC 132902 

-0.32 feet/year over 32 years 

Total Depth 565 ft 
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Bulington Northern BNTC-801, GWIC 2061 

-0.2 feet/year over 31 years 

Total Depth 1460 ft 
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Thoeny, GWIC 24862 

Total Depth 1275 ft 

-1.1 feet/year over 46 years 



Possible reasons for aquifer declines: 
-Flowing Wells 



-New industrial use 



Recharge Area Hydrographs 



Fox Hills wells in the 
recharge area. 

Proposed Project 
Boundary 
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MT State Highway Department at Glendive, GWIC 121589 

Total Depth 70 ft 
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Gibson near Sand Springs, GWIC 27377 

Total Depth 90 ft 
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Hendricks near Ekalaka, GWIC 95030 

Total Depth 360 ft 
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Olson Ranch BLM Well north of Jordan, GWIC 34908 

Total Depth 360 ft 
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USGS-BLM south of Frazer, GWIC 138002 

Total Depth 300 ft 
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USGS Climate Response Well, GWIC 221274 

Total Depth 180 ft  



15 Miles 

Fox Hills Wells near 
Cedar Creek Anticline 
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Shell Western Well 7, GWIC 133036 

Total Depth 1449 ft 
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BLM Shell Oil Co., GWIC 136642 

Total depth 1467 ft 



-10 

0 

10 

20 

30 

40 

50 

60 

De
pt

h 
to

 W
at

er
 (f

t)
 

Thoeny, GWIC 24862 

Total Depth 1275 ft 
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Makoshika State Park, GWIC 27815 

Total Depth 785 ft 
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Lost in Time Ranch, GWIC 24903 

Total Depth 100 ft 



Fox Hills/Hell Creek 
Water Balance 



Questions ? 
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